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SUMMARY 

The Weiesinger method for determining additional span loading 
has been used to find the lift— curve slope, spanwise center of 
pressure, aerodynamic center location, and span loading coeffi- 
cients of untwisted and uncambered wings having a wide range of 
plan forms characterized by various combinations of sweep, aspect 
ratio, and taper ratio. Ihe results are presented as variations of 
the aerodynamic characteristics with sweep angle for various .values 
of aspect ratio and taper ratio. Methods are also included for 
determining induced drag and the approximate effects of compress- 
ibility. 

Despite the limitations of a lifting line method such as 
Weissinger's, the good agreement found between experimentally and 
theoretically determined characteristics warrants confidence in 
the method. In particular, it - Is believed that trends observed In 
results of the Weissinger method should be reliable. One of the 
most significant results showed that for each angle of sweep there 
is a taper ratio for which aspect ratio has little effect on the 
span loading and for which the loading is practically elliptical. 

This elliptic loading is approached at a taper ratio of 1.39 for 39° 
of sweepforward, 0.45 for 0° of sweep, and 0.l4 for 30° of sweepback. 


INTRODUCTION 

In an effort to overcome the many problems posed by transonic 
and supersonic flight speeds, a number of unconventional wing plan 
forms have been considered for use. The characteristics of most of 
these unconventional wings are as yet largely undetermined. The 
multiplicity of possible plan forms has made it difficult to conduct 
a comprehensive experimental study and until fairly recently no 
adequate theoretical approach was possible. Several newly developed 
methods for computing the low— speed characteristics of wings having 
other than conventional plan forms were compared and their accuracy 
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evaluated In reference 1. It was concluded from this study that the 
theoretical method developed by Weissinger for computing the span 
load (and associated characteristics) of wings wan well suited for 
an over-all study of the effects of wing plan form. 

This report has therefore been prepared in which for additional 
loading the Weissinger method has been used to compute the lift- 
curve slope, spanwiee center of pressure location, aerodynamic 
center location (based on spanwiee center of pressure change due to 
sweep), and span-loading variation for a series of wings encompassing 
the probable ranges of sweep angle, taper ratio, and aspect ratio. 

The range of plan forms considered is shown on figure 1. This 
figure does not show all of the plan forms for which computations 
were made but does serve to give approximately the limits considered. 
In the limited number of cases possible, experimental data, other 
t han that reported in reference 1, have been used to verify the 
correctness of the computations. 


SYMBOLS 


Aerodynamic Parameters 


CjC 

c L°av 


spanwise loading coefficient 


21 

cl 

dCi, 

da 


ratio of local lift coefficient to wing lift coefficient 
» 

lift-curve slope at zero lift 



rate of change of induced drag with squared 
lift coefficient 


q C p spanwise center of pressure location on one wing panel, 

fraction of semispan fy C p/(b/2)] 

a.c. aerodynamic center location measured in percent of the 

centroid— of-area chord from leading edge of the centroid— 
of— area chord 

C2 local lift coefficient ( local lift j 

\ qS / 
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CL 

a 

r 

q 

M 


wing lift coefficient (--- ^ 

\ qS 

angle of attack, degree a 
circulation, feet squared per second 
free— stream dynamic pressure, pounds per square foot 
Mach number 


Geometric Parameters 



A 

X 

s 

c 

c a v 


c r 


C.A.C. 

t 


sweep angle of the quarter— chord line, positive 
for sweepback, degrees 


aspect ratio 

taper ratio ^il£_£bord_ ^ 

\root chord/ 

wing area, square feet 

wing chord parallel to plane of symmetry, feet 
mean wing chord (0 feet 

>+i 


root chord, feet 


centroid-of— area chord 



c 2 -dq' 


fraction of chord measured from leading edge of 
the wing chord 


longitudinal coordinate measured from leading edge 
of root chord and parallel to the plane of 
symmetry, positive to the rear, feet 


b wing span perpendicular to the plane of symmetry, 

feet 


y 

q 


lateral coordinate measured from wing root perpendicular 
to the plane of symmetry, positive to the right, feet 


V 




\ 

) 


dimensionless lateral coordinate 


k 
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<P 


’In’ % 


Hi 


trigametric spanvise coordinate having a value vary- 
ing from 0 at b/2 to ft at — b/2, (coa * q) , 
degree a 

dimenaionleaa lateral coordinates at specific span 
stations designated by the integers n and k 

in the relationships % = cos and 

nt = cos respectively 

series integers 


ank 


interpolation factors for additional span loading 
coefficients 


Subscripts 
n, k 
e 

L.E . 

T.E. 

t 


integers defining specific span locations 

equivalent 

leading edge 

trailing edge 

fraction of local chord 


PROCEDURE 

The We is singer method replaces the spanvise load by a line 
vortex located at the swept quarter— chord position. The spanvise 
strength variation of the line vortex is determined by the boundary 
conditions that there can be no flow through the mean camber line 
at the three-quarter chord point, or in effect, that the ratio of 
vertical induced velocity (due to bound vortex and trailing vortex 
sheet) to free— stream velocity be equal to the slope of the mean 
camber line at the three-quarter-chord point. The theory thus is 
applicable for various plan forms that can have camber and twist. 
Generally, however, it is considered most expedient to determine 
the loading of a wing by finding the basic loading due to camber 
and twist and adding to this the additional loading due to angle 
of attack to obtain the total loading. This report confines itself 
to a treatment of the additional load. In reference (1) sufficient 
information is given to obtain by the Weissinger method the basic 
loading of a wing having camber and twist. 
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Procedure for the Characteristics Presented 


Ljjlt-curve slope, spanwise ce n ter of pressure, and span loading 
c og&fj-C ients «— The Weissinger method and a shortened computing form, 
amply presented in appendix C of reference (l), is the procedure 
followed for calculating lift— curve slope dCL/da, spanwise center 
of pressure T} C p, and the span loading coefficients c^c/CLCav 
presented herein. 

Aerodynamic center The Weissinger method may be extended to 
give a good approximation of the position of the aerodynamic center 
(a.c.) with respect to a reference chord for wings having moderate 
to great angles of sweep. The approximation arises from the fact 
Weissinger considers the loading concentrated along the quarter — 
chord line which is, of course, not strictly correct. However, 
it is apparent that as the wing is increasingly swept, the longitu- 
dinal location of the aerodynamic center with regard tc a reference 
chord becomes increasingly a function of the spanwise location of 
center of pressure and hence relatively less a function of the 
chordwise loading. Because the Weissinger method gives an accurate 
prediction of the spanwise center of load, it follows that it 
should give a good prediction of the longitudinal position of the 
aerodynamic center of wings having appreciable sweep. 

For wings the plan form of which can be precisely defined by 
taper ratio, aspect ratio, and sweep, the following expression can be 
derived which locates the fore and aft position of the aerodynamic 
center on the centroid— of— area chord 1 and involves a knowledge 


^■Centroid— of— area chord as used herein is defined as the ratio of 
the mean square chord to the mean chord or. 


This chord which passes through the centroid— of -area of the 
wing plan form is the true mean aerodynamic chord for uniform span- 
wise section lift coefficient c\ distribution. For unswept 
and moderately swept wings of conventional plan forms the centroid- 
of-area chord is so nearly coincident with the true M.A.C. that the 
substitution is acceptable. Ihe substitution becomes increasingly 
in error as the spanwise section lift-coefficient distribution departs 
from a unifoim distribution as in the case of highly swept wings. 

It is for this reason that throughout this report the reference 
chord used has been called the centro id-of -area chord (C.A.C.) 


C .A.C 
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only of the aforementioned wing geometry parameters and the pre- 
dicted spanwise center of load. 


3- • 0 • 


= 1 . 3 (1+1.) 2 

^ 8 ( l+l+l 



1+21 
3(1+1) J 


A tan A c / 4 


Procedures for Additional Characteristics 


( 1 ) 


Included in this section are procedures for determining addi- 
tional wing characteristics using the data presented in this 
report. It was believed that these characteristics did not 
warrant detailed presentation hut that inclusion of simple proce- 
dures for their determination would increase the usefulness of the 
data presented. 


Local lift coefficient and induced drag .— With the loading 
coefficient known the local lift coefficient may he obtained by 


fl = f C 2 C A (l av \ 
C L ^L c av ' \ c y 


f c z c N 

^L c av ’ 


T. L. + A..— - 

l2[i— 


( 2 ) 


% 


The induced drag coefficient can also be obtained when the span- 
loading coefficients are known (reference 2). 


Let Kn 


/ c 7 c \ 

" V c L c av / 


n 


where the n’s are integers giving the spanwise stations through the 
relationship p = cos nit/8. (That is, when n = 1, 2,3, 4, p = O.0232, 
0.7071, O.3827, 0, respectively.) Then the induced drag is given by 



it 

8a 


K1 2 + K 2 2 + K 3 2 + 

L 


2 


K 4 (O.O56I Ki + 0.7887 K 3 ) 
K 2 (0.7352 Ki + 0.8445 k 3 )1 


( 3 ) 
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Effects of compressibility Recent British work by Dickson 
in an application of the Prandtl-Glauert rule has resulted in a 
method for predicting the effects of compressibility below critical 
speed on the span loading of swept wings. Experimentally determined 
compressibility effects on loading have not been compared as yet 
with results given by this method; therefore the method should be 
used with caution until such comparisons are made, especially where 
viscous effects might be Important. 

The method may be summarized as follows : 

The lift distribution of an airfoil at a given Mach number is 
obtained by calculating the lift distribution in incompressible flow 
of an equivalent airfoil the lateral dimensions of which have been 

reduced in the ratio : 1. The aspect ratio is thus reduced 

i n thi s ratio and the tangent of sweep angle is increased by 

1-M 2 . The dimensions of the equivalent wing become 


Ae = J 1-M 2 A (4) 

{ > A C/ 4 

v Ac/ y e ” V i-M 2 


Using the equivalent parameters, values of the aerodynamic character- 
istics are obtained from the charts and are then multiplied by the 
factors in the following table : 


Aerodynamic characteristics 

Factor 

dCx,/da 

1 

-/l-M 2 

CDi / cl 2 

•Ji-vp 

Center of spanwise pressure 

l 

cz/Cl 

l 

Center of chor&wise pressure 

l 
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Sweep-Angle Conversion Formulas 

Unless specifically stated otherwise , the sweep angle used 
throughout the present report is the angle of sweep of the quarter- 
chord line . The following equation, easily derived from wing 
geometry, gives the sweep of any chord line in terms of the sweep 
of the quarter-chord line, the taper ratio, and aspect ratio: 


tan At= tan A c / 4 - 

7 A \l+\/ 

When t = 0, Ao = the sweep at the leading edge ^L.E. 
or tan Aljs. = tan A 0/4 * \ (j*) 

When t = 1, Aj. = the sweep at the trailing edge, 
or tan A t .e # = tan A c/4 - 3^i=0 


(5) 

(6) 

(7) 


The relationship between the wing parameters for the straight trail— 
ing-edge wings is given by equation (7) for Aj.e, = 0 


or 


tan Ac /4 = 3 ( 

' A \i+; 


( 8 ) 


Further, when X = 0 in equation (8), the relationship between 
Ac /4 and A for the triangular wing is obtained, that is, 

"tan Ac /4 = 3 (9) 


RESULTS AND DISCUSSION 
Aerodynamic Characteristics 

The results of applying the We is singer method to determine the 
additional loading characteristics of the wide range of plan forms 
shown in figure 1 are presented in figures 2,3, 4, and 5. 

In figure 2 the variation of lift-curve slope dCL/da with 
sweep of the quarter-chord line is shown for a family of aspect 
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ratios and given values of taper ratio. For two-dimensional wings 
(A = co) the variation of lift-curve elope with sweep angle is given 

"by 7—^ = cos Ac . This curve is included in figure 2 as a 

da 57.3 ' 

limiting aspect ratio. Also shown in figure 2 are lines indicating 
plan foiras with Alj^ = 0 and At.E. = 0 (from equations (6) and 
(7)) to segregate the ranges of plan forms. 


The variations of spanwise center of pressure q C p and aero- 
dynamic center a.c. (from equation (l)) with Ac ^ are shown 
in figures 3 and 4 for families of aspect ratios and given taper 
ratios. 

C 7 C 

Similarly the loading coefficients are presented in 

CL c av 

figure 5 for spanwise stations t] = 0, O.3827, O.707I, and O.9239. 

The loading coefficients are obtained as four values for the correspond- 
ing four spanwise stations. If more than four values of loading are 
required to fair the loading curve, additional points may be obtained 
through the use of a simple loading series. (See Appendix.) 


Comparison of Theoretical and Experimental Results 

In reference 1 the Weissinger method was applied to five swept 
wings for which experimental data were available. A comparison of 
the predicted and measured results showed reasonably good agreement. 
However, since the plan forms included in the present investigation 
varied considerably from those reported in reference 1, additional 
checks were desired to evaluate the Weissinger method. A number of 
comparisons with respect to lift-curve slope, spanwise loading and 
aerodynamic center location are presented in figures 6, 7> and 8. 

Figure 6(a) compares the variation with aspect ratio of the 
lift-curve slope for elliptic wings as given by references 3 and 4 
with the lift-curve slope of wings having a 0.4 taper ratio as 
predicted by the Weissinger method. It is generally conceded that 
the values given by references 3 and 4 are quite accurate. The 
0.4 taper ratio wing was chosen for comparison since it shows 
nearly elliptic loading. It can be seen that the Weissinger method 
predicts the effects of aspect ratio as accurately as the best 
methods otherwise available. It is of interest to note that the 
three methods predict the same variation of lift-curve slope at very 
low aspect ratios as does reference 5. 

Experimental data exist on two series of wings having a constant 
plan form but varying aspect ratio. Reference 6 shows the effect of 
aspect ratio on the lift— curve slope of rectangular wings, and 
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reference 7 shows the effect of aspect ratio on the lift— curve slope 
of triangular wings. Figure 6(h) has "been prepared to show how well 
the Weissinger method predicts the experimental variation. The 
agreement shown is considered good. 

To show the ability of the method to predict the lift-curve 
slope of a wide variety of plan forms which did not vary consist- 
ently with any geometric parameter, figure 6(c) has been prepared. 

This compares predicted and measured lift— curve slopes for the 
wings reported in references 7 and 8. Here, too, the predictions 
appear good. 

Experimental loading data were available for only one of the 
wings, the triangular wing of aspect ratio 2.0. In figure 7 the 
experimental and theoretical loading for this wing are compared 
and again excellent agreement is obtained. 

To afford a comparison of experimentally and theoretically 
determined aerodynamic center locations, figure 8 has been prepared 
which correlates these locations for the wings considered in reference 
8. Those models which had aspect ratios less than 1.5 or which 
included fuselages were excluded from the correlation, since they 
were beyond the range of this investigation. (Note that several 
models having stings were included.) Also excluded were the unswept 
wings because the Weissinger method inherently places the aerodynamic 
center at the quarter chord for these wings. With regard to the 
aerodynamic center location, experiment and theory do not show as 
good agreement as in the case of lift— curve slope and span loading. 
'However, in considering the difficulty of precisely determining the 
aerodynamic center location from force tests, it is believed that 
the discrepancies in correlation shown in figure 8 are due in great 
part to experimental scatter and possibly viscous effects. The fact 
that there is no systematic variation in the correlation with varia- 
tion in plan form serves to substantiate this belief. Therefore it 
is concluded that the method will give an acceptable value of aero- 
dynamic center for wings having plan forms of the general type 
included in this correlation, that is, sweep greater than 15°, aspect 
ratio greater than 1.5. 

Thus from the foregoing it can be stated that the Weissinger 
method will in general predict certain wing characteristics 
(C]^,, ilcp* a.c., cic/Cic) with accuracy of the same order as 
that obtainable from experiment. In particular it is believed 
that the prediction of the incremental effects or trends in 
characteristics due to sweep, aspect ratio, or taper ratio are 
reliable . 
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Effect of Plan-Form Variation on Aerodynamic Characteristics 

Examination of figure 2 reveals certain general trends with 
respect to the effect of wing plan form on wing lift— curve slope. 

For wings of high aspect ratio, the angle of sweep has a marked 
effect on lif 1>-curve slope with the maximum effect occurring for 
wings of infinite aspect ratio when the lift-curve slope is directly 
a function of the angle of sweep. As the aspect ratio approaches 
very low values the lift-curve slope for the unswept wing is greatly 
reduced and the effects of sweep become small except for very large 
angles of sweep. Also it can be seen that at very large angles of 
sweep the effects of aspect— ratio variation on lift— curve slope beccme 
small. 


To better illustrate the separate effects of aspect ratio and 
taper ratio, the data from figure 2 have been cross— plotted to show 
the variation with aspect ratio of the lift— curve slope for various 
values of taper ratio and sweep angle. These results are shown on 
figure 9(a) . This shows clearly how increasing the angle of sweep 
decreases the variation of lift— curve slope with aspect ratio. It 
shows further that while taper ratio as compared to aspect ratio 
has only a small effect on the lift— curve slope of an unswept wing, 
taper ratio has a predominant effect on the lift— curve slopes of 
highly swept wings of moderate to high aspect ratios. For very 
small aspect ratios, however, the lift-curve slopes of all the wings 
converge and become almost a linear function of aspect ratio, being 
essentially independent of the effects of sweep and taper. This 
linear variation of lift— curve slope with aspect ratio was derived 
by R.T. Jones (reference 5) for the case of pointed wings but from 
these results it would appear to apply to low-aspect— ratio wings of 
any plan form. Figure 9(b) shows the effect of taper ratio on the 
variation of liftr-curve slope with angle of sweep for a constant 
aspect ratio. The most significant fact shown by this figure is that 
as the taper ratio is increased from zero, the angle of sweep at. which 
the maximum value of Ci^ occurs changes progressively from positive 
to negative angles of sweep. 

In figure k variations of aerodynamic center location from 15 
percent C.A.C. to 4 5 percent C.A.C. are indicated for the range of 
plan forms studied. It will be noted that for taper ratio X = 0 
the aerodynamic center moves aft for sweepback and forward for sweep- 
forward. At taper ratios of 1.0 and 1.5 the aerodynamic center moves 
forward for sweepback and aft for sweepf orward. For X = 0 the 
effects of aspect ratio are largely confined to the swept-back wings 
and as taper ratio is increased the effect of aspect ratio decreases 
on swept— back wings and increases for swept— forward wings. Where the 
effects of aspect ratio are significant, an increase in aspect ratio 
generally moves the aerodynamic center aft. 
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Figure 10 has “been prepared from cross— plotting the data of 
figure 5 in order to show directly the effect of sweep and taper 
ratio on the span loading of a wing of constant aspect ratio of 
three. It shows that increasing the angle of sweepback or the taper 
ratio serves to move the loading (as defined by cjc /Cpc a v ) outboard. 
It is evident that the effects of taper are somewhat stronger for 
the more highly swept— back wing than for the highly swept— forward 
wing . 


Ihe spanwise center of pressure is independent of aspect rstio 
for certain combinations of taper ratio and sweep angle, as seen in 
figure 3. These values of taper ratio are plotted against sweep 
angle in figure 11. Further, for the wing geometry represented by 
the curve of figure 11 the loading is approximately independent of 
aspect ratio (fig. 5); and also is approximately elliptical. For 
elliptical loading, the loading coefficients at the four spanwise 
stations are 1.273, I.I76, 0.Q00, and 0.487. It can be seen that 
these values compare closely with values given in figure 7 for 
the plan forms specified in figure 11. The further the wing 
geometry departs from the configuration represented by the curve 
In figure 11, the greater the change of loading with aspect ratio 
and the rate of distortion from an elliptical load distribution. 

Also examination of figure 5 will show that elliptical loading can- 
not be obtained by altering aspect ratio alone; however, all wings 
approach an elliptical ‘loading a3 aspect ratio approaches zero. 

The wing3 of figure 11 have the property that their aerodynamic 
characteristics can be expressed in a simple manner similar to the 
case of unswept wings with elliptic plan forms. Namely, the induced 
drag is given approximately by Cp^/Cp 2 = l/«A, spanwise center of 
pressure by 7} C p = 4/3*, and aerodynamic center location with respect 

to the centroid— of -area chord by a.c. = a tan A 

4 10(1+X+1 2 ) 

From figure 2 it can be shown that the wings of figure 11 give the 
maximum lift— curve slope for a given aspect ratio and sweep angle. 


In summary, the curve of figure 11 defines wings having the follow- 
ing approximate characteristics: span loading independent of aspect 

ratio, maximum lift-curve slope for a given sweep and aspect ratio, a 
constant spanwise center of pressure and an aerodynamic center location 
that is a simple function of wing geometry only. 


Ames Aeronautical Laboratory, 

National Advisory Commit bee for Aeronautics, 
Moffett Field, Cal. if . 
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APPENDIX 


MODIFICATION OF ANALYTICAL SEPIES USED FCE SPAN 
LOADING BY TEE WEISSINGEE METHOD 


The span loading series as originally presented by Weissinger 
is in a form which, due to the number of terms in the series, is too 
cumbersome for analytical application. Since in his method Weissinger 
avoided an analytical application of the series, and determined the 
circulation directly at four spanvise stations, he probably believed 
a short analytical expression was unnecessary. However, if only four 
values of loading are known, the fairing of these points becomes 
somewhat uncertain and a simple analytical expression is desirable. 

The results of simplifying the original loading series are presented 
in this appendix along with simple formulas and tables for inter- 
polating additional span loading coefficients. 

The circulation distributions from reference 9 (for m = 7) 
are given as 


In this equation r(cp) is the value of the circulation at the vari- 
able span station cp, (cp = cos -1 q) and r n is the circulation at 


Since r~ cjc, the series may be written in terms of a loading 
coefficient K defined by 


7 


7 



n=i di = i 


the span station cpn(% = where n is an integer) 


cic 


^L c av 


Rewriting equation (Al) in terms of K gives 



7 


7 


(A2) 


n=i hi=i 
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This series may "be simplified into any of the three following 
forms (for a symmetrical, wing) : 


K(cp) = ^ a 2 n+i ( 2 n+l)cp 


n=o 


where in terms of the coefficients 


a-i = sin ^ + k 2 sin £ + Ko. sin 

a 3 = 2 2 * “ Ka Sin 8 + Ks 8ln 4 + Kl a±n if) 

as = rj- C ^2 ~ ^3 sin g — K 2 s ^ 11 ^ sin ^ 


(A3) 


a 7 = + K 3 sin - K 2 sin J + Ex sin | 


Using the identity q = cos cp, equation (A3) may he written as 
a function of q. 


Hie equation is then in the form 


3 


K(n) = yi-ri 2 ^ 

n=o 


(a4) 


where in terms of the coefficients 


a 0 = K 4 


a 2 = -10 (K 4 - 1.2 6 173 K 3 + 0.28284 K 2 - O.O 8966 K x ) 
a 4 = 24 (K 4 - 1.66736 K 3 + 0.94281 K 2 - 0.32984 Kx) 
a* = -16 (K*- 1.84776 K 3 + 1.41422 E 2 - 0.76536 Kx) 


*Where the loading coefficients, ^ sxid 3-^® 3t 4he 

span stations q = 0 , O. 3827 , 0.7071j and 0»9239 j respectively. 
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By a method similar to that employed in reference 2, equation (A2) 
may be reduced to 

K((p) = ~ sln g; _ 0.23097 cos cp sin 8<p 

8 coa cp 4 0.14644 - coss cp 3 


+ P.17678 cos q> sin 8<p _ O.O9567 cos cp sin 8cp 

0.5000 — COS 2 cp 0.85355 ~ cos 2 cp 


(A5) 


The series (A3) was originally obtained bv Trefftz and was used 
m this form by Mutterperl. (See reference 1.) Prandtl and Betz 
isinally gave the loading series in the foim of equation (A4), 
which is the type of series used by Fslkner. (See reference 1.) 

Equation (A5) has been derived and is presented herein to 
provide a simple means for obtaining loading coefficients at span- 
wise stations other than the four covered by the Weissinger method. 
Values of loading coefficient are obtained directly by the Weissinger 
method for the spanwise stations T| = 0, O.3827, O.7071, and O.9239. 
Through use of the following procedure, which is based on equation 
(A5), values of loading coefficient can also be obtained for the 
spanwise stations q = O.I951, O.5555, and 0.8314. 

Equation (A5) can be written for specific values of qp as 


Kk 


4 

- I 

n=i 


a nk^n 


(A6) 


where 


k represents odd number integers giving span stations between 
those given by n ( 3ince % = cos and njj- = cos ^ and Kv- 

V 8 16 J 

is the value of the loading coefficient at the span station k. The 
values of the coefficients a^ are given by 


a ik 


-0.09567 cos g sin ^ 
0.85355 - cos 2 

16 


O.I7678 cos T7 sin _ 

a 2k = *2 


O.5OO — cos2 iSS- 


1 6 
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a 3k = 


-0.23097 cos ff sin ^ 

15 d 


0.14644 — cos 2 — 
16 


&4k = 


sin g* 


8 cos 


krt 

16 


Since these coefficients are a function only of the integers 
n and k they may be tabulated as follovs and used for any plan 
form.* 


a nk 

*1 

0.8314 

0.5555 

0.1951 

'nXk 

3 

5 

7 

1 

.4898 

-.0976 

.0229 

2 

.7684 

.5135 

-.0747 

3 

-.3524 

.7900 

.4159 

4 

.1503 

-.2250 

.6407 


Although it is possible to evaluate a^ and hence Kk for k = 1, 
the terms for k = 1 have been omitted since in practice a value 
of K at this point ( tj = 0.9808) is of little use in fairing a 
loading curve . 

Thus to find the loading coefficient for an intermediate point 
hk, it is necessary to (l) substitute into equation (A6) the 
appropriate values of a n }j from the foregoing table, and the values 
of Kjj obtained from the Weissinger method and (2) evaluate the 
summation. 
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Figure 1 - Range of plan forms investigated 

BY THE WEISSINGER METHOD. 
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Figure 2.- Variation of lift— curve slope with sweep for various aspect ratios. 

AND TAPER RATIOS. 
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Fig. 2 b 
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(b) T aper ratio, . 25 . 

Figure 2." Continued. 
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Figure 2 .~ Continued. 
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Figure Continued. 
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Figure 2.- Concluded. 
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Figure 3 Variation of spanwise center of pressure with 

SWEEP FOR VARIOUS ASPECT RATIOS AND TAPER RATIOS. 
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Figure 4~ Variation of aerodynamic center location with 
SWEEP FOR VARIOUS ASPECT RATIOS AND TAPER RATIOS,, 
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5PANWISE LOADING COEFFICIENT, c i c /q 


NACA TN No. 1491 Fig. 5 a 
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Figure 5.- Variation of spanwise loading coefficient 


with sweep for various aspect ratios and taper ratios. 
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(b) Fraction of semispan ,^<=.3627. 
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Fig. 5 c 
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Figure 5.- Continued 
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Figure 5.- concluded. 
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Aspect ratio , A 

(a) Comparison of lift-curve slopes as obtained by the lifting 

LINE METHOD U/ITH THOSE OBTAINED BY THE LIFTING SURFACE 
METHODS OF REFERENCES 4- AND 5. 



Aspect ratio , A 

(b) Comparison of theoretical and experimental lift-curve 
SLOPES FOR RECTANGULAR AND TRIANGULAR WINGS . 

Figure 6 - Evaluation of weissinger method for estimating 

LIFT- CURVE SLOPE . 
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(c) Correlation of theoretical and experimental lift — curve 

SLOPES FOR VARIOUS PLANFORMS . 


Figure 6 •" 


Concluded . 
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Figure 7 - A comparison of theoretical and experimental span 

LOADING OF A TRIANGULAR WING OF ASPECT RATIO 2.0. 
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Theoretical aerodynamic center location, a.c., fraction of c.a.c. 


Fig. 8 
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Figure 8- Correlation 
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(a). VARIATION OF LIFT-CURVE SLOPE WITH 
ASPECT RATIO. 
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Figure 7.— Examples of the effect of wing planform 

ON LIFT-CURVC SLOPE. 
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Figure: 10 - Examples of the effects of wing planform 

ON THE SPAN LOADING OF A WING OF ASPECT RATIO 3.0. 
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Figure: 10 - Concluded, 
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Figure //,— Delation of taper ratio and sweep angle required for 

ELLIPTICAL LOADING- 
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